Indicators and optical configuration for simultaneous high-resolution recording of membrane potential and intracellular calcium using laser scanning microscopy.
The instrumental design and experimental conditions for high-speed, simultaneous optical recording of membrane potential and intracellular Ca2+ with subcellular resolution are presented. This method employs an extended version of a high-speed, random-access, laser-scanning fluorescence microscope designed to record fast physiological signals from small neuronal structures with high spatiotemporal resolution (Bullen, Patel, Saggau, Biophys J 73:477-491, 1997). With this instrument, imaging and optical recording functions are conducted separately allowing frame rates up to 3 kHz. Individual scanning points are selected interactively from a reference image collected with differential interference contrast (DIC) optics. At each recording site, fluorescence from two indicators is measured simultaneously by independent photodetectors. To optimize signal strength, spectral separation and the achievable signal-to-noise ratio, several combinations of voltage-sensitive dye, Ca2+ indicator and optical elements (dichroic mirrors, filters, etc.) were considered. The best results were achieved from the combination of the intracellular voltage-sensitive dye Di-2-ANEPEQ and the Ca2+ indicator Calcium Green-1. These indicators have overlapping absorption spectra allowing simultaneous excitation with a single laser line (488 nm). Spectral separation of the fluorescence from these two indicators was accomplished using a secondary dichroic mirror (DCLP580) and emission filters (535/45 and OG590). Representative records obtained with this instrument and this combination of indicators demonstrate the feasibility of simultaneous high fidelity measurements of membrane potential and intracellular Ca2+ from the same point at high spatial (2 micrometer) and temporal (<ms) resolution without requiring signal averaging.